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process into the foramen magnum:  
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An upward displacement of the odontoid process into the foramen magnum was 
observed in the skeletal remains of a young male unearthed from a 14th to 17th 
century cemetery in the north-eastern Italy. Examination of skull bone vestiges and 
computed tomography scan analysis of the axis exhibited a clear-cut contact zone 
between the odontoid process and the anterior border of the foramen magnum. 
In addition, the odontoid process appeared backward deviated. Findings suggest 
a possible diagnosis of basilar impression/invagination. This anomalous contact 
may cause compression of neural and vascular structures with a multifaceted 
series of clinical symptoms. We are unable to set our finding into a complete 
presumptive diagnostic outline because there is no chance to estimate either the 
magnitude of the whole craniovertebral junction defect but we believe that the 
present case contributes to the general knowledge of the craniovertebral region 
and to bone pathology in ancient times. (Folia Morphol 2018; 77, 3: 604–608)
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IntrodUctIon
The foramen magnum (FM) connects the posterior 
cranial fossa to the vertebral canal. Broadly speaking, 
this aperture encompasses the caudal part of the brain-
stem, the cerebellum, the fourth ventricle, the rostral 
part of the spinal cord, and the lower cranial and upper 
cervical nerves. Geometrical profile of this critical zone 
may be modified by congenital or acquired condi-
tions. In turn, reduction of foramen size may result in 
compression of neurological and vascular structures 
with emergence of complex clinical symptoms, syrin-
gomyelia, obstructive hydrocephalus or even death. 
Upward displacement of the odontoid process into the 
foramen magnum is one of such conditions.
When the cause of the displacement is a develop-
mental failure the condition is termed “basilar invagi-
nation” [9]; it is often associated with malformations 
of the axial skeleton (platybasia, hypoplasia of the 
clivus and/or the occipital condyles, atlanto-occipital 
assimilation, atlas hypoplasia, Klippel-Feil syndrome) 
and neural abnormalities (Chiari malformations, sy-
ringomyelia, hydrocephalus) [14]. When the prolapse 
results from acquired diseases causing the soften-
ing of the skull base (such as rickets, Paget disease, 
hyperparathyroidism, osteogenesis imperfecta) it is 
called “basilar impression” [15]. Lastly, the migration 
of the dens in rheumatoid arthritis is termed “cranial 
settling” [10]. 
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Currently, diagnosis of basilar impression and 
invagination is based on a variety of craniometric 
measurements.
Here, we report such a finding in a human skel-
eton unearthed from an ancient Italian cemetery. 
MaterIals and Methods
In 2006, human skeletons were unearthed from 
a 14th to 17th century cemetery located in Chiopris 
(northeast Italy). One of them, object of the present 
work, was named T2C.
Osteological study was performed according to 
standard methods [2]. Computerised tomography 
and digital tomosynthesis were executed.
Axis height was assessed between the base of the 
body and the tip of the dens. According to Tubbs et al. 
[17], dens height was the distance from the dentocen-
tral synchondrosis to the apex of the process. Two angles 
(a, b) were measured [17]. Angle a was determined 
between the line joining the tip of dens and the mid-
point of the dentocentral synchondrosis. Angle b was 
calculated between the line tangent to the base of C2 
and the line through the apex of the dens.
resUlts
According to pelvis and skull morphology, matu-
ration of long-bones epiphyses, the state of denti-
tion and persistence of spheno-occipital synchon-
drosis, skeletal remains were estimated to belong 
to a 16–18-year-old male. In the skull, the metopic 
suture was identifiable (Fig. 1). Several bones in the 
cranial base and splanchnocranium were injured or 
absent, thus preventing the complete reconstruction 
of the skull. The occipital bone, fragmented, displayed 
an anomalous contact between the dens and the 
anterior border of the FM (Fig. 2). Axis height and 
the height of the dens were 38.2 mm and 24.6 mm, 
respectively. In the sagittal plane, the dens revealed 
a remarkable posterior tilt. Angle a measured 61.6°; 
angle b, 60.15° (Fig. 3). 
Although in a fragmented state, atlas bone ap-
peared normally shaped with no unusual features. 
The rest of the spine was normal. Porotic lesions in 
moderate/mild degree were detected (cribra orbitalia 
and femoral cribra) (Fig. 4). The cause of death could 
not be determined.
dIscUssIon
The osteological study of T2C reveals two major 
findings. The first is the upward bulging of the dens 
into the foramen magnum; the second is the back-
ward inclination of the dens. These features coexist 
with a condition of multiple porotic lesions in the 
roof of the orbit and the anatomical neck of femora. 
Any protrusion of the dens beyond the FM is ab-
normal. The mean value of the basion-dens interval, 
i.e. the distance between the tip of the dens and 
the lowest point on the anterior rim of the FM, has 
been found to be 4.59 mm and 6.2 mm in an adult 
population and in children with ossification of the 
ossiculum terminale, respectively [1, 13]. 
As to the tilt of the dens, an association between 
basilar invagination/impression, retroflexed/retro-
verted dens and Chiari I malformation was reported 
[11, 16, 18].
Tubbs et al. [17] analysed the correlation between 
the degree of posterior tilt and Chiari I malformation 
in children aged 17 months–18 years. In the control 
cohort, the mean value of angle a was 97 ± 5.1°; 
the mean value of angle b was 95 ± 6.6°. In patients 
with Chiari I malformation the mean values of angles 
a and b were found to be 84.6° and 67.04°, respec-
tively. Furthermore, higher grades of odontoid retro-
flexion were positively correlated with syringomyelia.  
In 125 healthy adult subjects, angle a was found 
to range from 70° to 89° (mean 79.3°) and angle b 
from 57° to 87° (mean 71.9°) [5]. Therefore, in nor-
mal adults, odontoid process tends to be longer and 
Figure 1. Calvarium. The metopic suture is still present (black  
arrow). Small wormian bones are visible along the sagittal suture 
(white arrows).
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Figure 2. A. Basilar apophysis and lateral masses of the occipital bone, ectocranial surface. The black arrow indicates the impression left 
by the dens on the anterior margin of the foramen magnum; B. Axis, parasagittal view. The deep sulcus caused by the transverse ligament 
(white arrow) as well the impression due to the contact with the occipital bone (black arrows) are well appreciable; C. The craniovertebral 
complex, coronal plane, anterior view. The relationship between the dens and the foramen magnum is well appreciable (black arrow). The 
asterisk indicates the occipital surface of spheno-occipital synchondrosis, still open; D. Coronal tomographic reconstruction based on digital 
tomosynthetic acquisition. Image well shows the abnormal notch of the anterior profile of the foramen magnum with cortical osteosclerosis 
due to the abnormal pseudo-joint with the odontoid process. 
Figure 3. Axis, computed tomography scan, parasagittal view. A. Angle a, related to dens retroflexion; B. Angle b, expressing dens retroversion.
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more backward tilted. In the present case, despite the 
subadult age, the dimensions of the axis appeared 
comparable with that of adult population. However, 
also in this case, the angle a 61.6° shows a high grade 
of retroflexion. 
Our investigation has intrinsic limits. A distinc-
tion between basilar impression and invagination 
results impossible. Although cranial malformations 
may occasionally be implicated in the persistence of 
a metopic suture, commonly metopism is an anatomi-
cal variant (incidence about 10% in Italy) both in the 
past and present epoch [4]. 
The remaining cervical vertebrae appeared normal 
but the lack of many part of the skull did not permit 
to evaluate other anomalies and, of course, we did 
not know anything about neural structures involve-
ment. The porotic lesions, very frequent in ancient 
populations, represent an additional confounding 
feature. Characteristic of immature skeletons, porotic 
lesions have been attracting scientific attention since 
1885 [20]. Even if there is no agreement between the 
researchers about their aetiology, these lesions are 
considered morphological features of anaemia and 
nutritional deficiencies, such as vitamins C, D and B12 
deficiency. These different aetiologies are not mutually 
exclusive and in the same individual insufficient dietary 
intake and inadequate absorption of vitamins, due to 
chronic diarrheal diseases or parasites, could coexist 
[19]. Therefore, in the present case, a softening of the 
bone tissue of the base of the skull, due for example 
to a deficiency of vitamin D, could not be ruled out.
Only a few cases of basilar impression/invagina-
tion from ancient times have been documented in 
palaeopathological literature (Table 1).
Figure 4. A. Orbital roof with cribra orbitalia (black arrow). B. Porotic bone area (femoral cribra) on the anterior surface of collum femoris 
(black arrow). The femoral head has not begun to unite.
Table 1. Cases of basilar impression/invagination documented in palaeopathological records
First author, year 
[reference]
Sex Age Material Basilar 
impression
Basilar  
invagination
Symptoms/associated anomalies
Campillo, 2005 [3] Female Not available Skeletal remains x Platybasia, possible Arnold-Chiari malformation
Campillo, 2005 [3] Male Adult Skeletal remains x Platybasia, atlas assimilation, C2–C3 fusion
Pany, 2007 [12] Male Juvenile Skeletal remains x Klippel-Feil syndrome with hypoplasia of the 
pars basilaris of the occipital bone, C2–C3 and 
Th2–Th3 fusion, spina bifida occulta. Extensive 
porosities of the cortical bone
Lowenstein, 2009 [6] Not available Infant Mummy x Platybasia, osteogenesis imperfecta
Mann et al., 2013 [7] Male Adult Skeletal remains x Platybasia, craniosynostosis, aplasia of the dens
Marchewka et al., 
2017 [8]
Not available Infant Skeletal remains x Klippel-Feil syndrome with C3–C4 fusion,  
possible spina bifida occulta
A B
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conclUsIons
Observations carried out on ancient skeletons are 
rarely unequivocal and the present case does not rep-
resent an exception. Nevertheless, palaeopathological 
records can provide valuable information on normal 
and abnormal anatomy of the skeletal system and 
are undoubtedly powerful tools for taking a glimpse 
in the life of our ancestors.
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